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Foreword

The National Institute for Occupational Safety and Health (NIOSH) is pleased to present
the Strategic Plan for NIOSH Nanotechnology Research and Guidance: Filling the Knowledge
Gaps. This plan updates the September 2005 strategic plan using knowledge gained from
results of ongoing research as described in the 2007 report Progress Toward Safe Nanotech-
nology in the Workplace: A Report from the NIOSH Nanotechnology Research Center and
the 2009 report Progress Toward Safe Nanotechnology in the Workplace: A Report from the
NIOSH Nanotechnology Research Center, Project Updates for 2007 and 2008. The NIOSH
nanotechnology research program is a cross-sector program that supports the National Oc-
cupational Research Agenda (NORA). Nanotechnology provides many opportunities and
challenges for all of us in occupational safety and health. The Strategic Plan for the nano-
technology program is the roadmap we are using to advance knowledge about the implica-
tions and applications of nanomaterials.

Comments received during external review of the document suggested that NIOSH pri-
oritize goals and projects so as to better understand the feasibility of conducting research
based on available resources. In addition, specific suggestions on the scientific direction of
the research program were also offered by reviewers, such as the need to understand the role
of genetics. We have attempted to acknowledge these issues in finalizing this version of the
strategic plan.

This published version of the document will continue to exist on the NIOSH Web site and
be updated periodically to reflect new research efforts.

John Howard, M.D. /s

Director, National Institute for
Occupational Safety and Health

Centers for Disease Control and Prevention
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Executive Summary

Nanotechnology—the manipulation of mat-
ter on a near-atomic scale to produce new
materials—has the potential to transform
many industries, from medicine to manufac-
turing, and the products they produce. Re-
search in nanoscale technologies continues
to expand worldwide. By 2015, the National
Science Foundation estimates that nano-
technology will have a $1 trillion impact on
the global economy and employ two million
workers, one million of whom will likely re-
side in the United States. While this emerging
technology holds great promise, it also pres-
ents unknown risks, especially to the health
of workers. Many questions remain about
how to best manage and control the poten-
tial hazards associated with the safe handling
of nanomaterials. Thus for the period 2009-
2012, NIOSH will collaborate with stake-
holders at home and abroad to fill knowledge
gaps related to nanotechnology, to identify
and characterize hazards associated with
nanomaterials, and to develop guidance for
workers exposed to nanomaterials. Protect-
ing the health of workers involved with nan-
otechnology is a global issue that requires
international cooperation, commitment, and
collaboration.

Nanotechnology and NIOSH
Research

The rapid spread of nanotechnology threat-
ens to outpace knowledge about its attendant
safety and health risks. As nanotechnology
moves forward into all avenues of commerce,
stakeholders from industry, academia, labor,
occupational safety and health professions,
and government must make a concerted

Strategic Plan for NIOSH Nanotechnology

effort to identify and characterize the human
health hazards associated with nanomaterials.
NIOSH will continue to play an active role in
this process. In June 2007, NIOSH reported
its progress in conducting nanotechnology
research and drafting guidance for the safe
handling of nanomaterials [see report Prog-
ress Toward Safe Nanotechnology in the Work-
place: A Report from NIOSH Nanotechnol-
ogy Research Center at http://www.cdc.gov/
niosh/topics/nanotech/, DHHS (NIOSH)
Publication No. 2007-123]. An update of the
progress report listing project updates from
2007-2008 was published in November 2009
[DHHS (NIOSH) Publication No. 2010-104].
[http://www.cdc.gov/niosh/docs/2010-104/
pdfs/2010-104.pdf]

NIOSH Nanotechnology
Research Center (NTRC)

Given the rapid growth and global reach of
nanotechnology, NIOSH established the
Nanotechnology Research Center (NTRC) in
2004 to conduct research and provide guid-
ance to protect workers involved with nano-
materials. The NTRC and its Steering Com-
mittee consist of a diverse group of NIOSH
scientists charged with overseeing the Insti-
tute’s scientific and organizational plans in
nanotechnology health research.

The main goals of the NTRC are to:

1. Determine whether nanoparticles and
nanomaterials pose risks of injuries
and illnesses for workers.
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2. Conduct research on applying nano-
technology to the prevention of work-
related injuries and illnesses.

3. Promote healthy workplaces through
interventions, recommendations, and
capacity building.

4. Enhance global workplace safety and
health through national and interna-
tional collaborations on nanotechnol-
ogy research and guidance.

Strategic Plan

With the input of a broad range of stake-
holders in government, academia, and the
private sector, NIOSH developed a strategic
plan for nanotechnology research and guid-
ance. The strategic plan also highlights how
NIOSH’s critical research and guidance ef-
forts align with and support the National
Nanotechnology Initiative’s Environmental
Health and Safety priorities. For the period
2009-2012, NIOSH will continue to fill in-
formation and knowledge gaps in priority
areas. Specifically, NIOSH will:

1. Conduct toxicological research on
nanoparticles likely to be commercially
available.

2. Conduct research to identify long-
term health effects of carbon nano-
tubes (CNT).

3. Develop recommendations for control-
ling occupational exposure to fine and
ultrafine titanium dioxide (TiOz) in-
cluding development of recommended

Vi

exposure limits (RELs). Conduct re-
search on improving sampling and ana-
Iytical methods, determining the extent
of workplace exposures, and control-
ling airborne exposures below the REL.
Identify what medical surveillance is
appropriate. Consider to what extent
the observed relationship between TiO,
particle size and toxicity can be general-
ized to other metal oxides.

4. Develop recommendations for con-
trolling occupational exposures to
purified and unpurified single-walled
carbon nanotubes (SWCNT) and
multi-walled carbon nanotubes (MW-
CNT) including development of RELSs.
Conduct research to address gaps in
information on sampling, analysis, ex-
posure assessment, instrumentation
and controls. Identify what medical
surveillance or epidemiological studies
are appropriate.

5. Conduct research on how to identify
categories of nanoparticles that can be
distinguished on the basis of similar
physico-chemical properties. Conduct
research to develop RELs and ultimate-
ly recommended exposure standards
for these categories.

6. Conduct research on explosion poten-
tial of various nanoparticles.

This plan proposes 38 activities in 10 criti-
cal areas to help protect the nanotechnology
workforce. It is a large challenge but one
that NIOSH is well prepared to accept.
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Abbreviations

AIHA American Industrial Hygiene Association
ACGIH American Conference of Governmental Industrial Hygienist
ANSI American National Standards Institute

ASSE American Society of Safety Engineers

ASTM American Society for Testing and Materials
ASSE American Society of Safety Engineers

CAS chemical abstract system

CDC Centers for Disease Control and Prevention
CIB Current Intelligence Bulletin

CNF carbon nanofibers

CNT carbon nanotubes

COPD chronic obstructive pulmonary disease

CPSC Consumer Product Safety Commission
DART Division of Applied Research and Technology
DEP diesel exhaust particulate

DHHS U.S. Department of Health and Human Services
DOE U.S. Department of Energy

ECHA European Chemicals Agency

EHS environmental health and safety

EPA U.S. Environmental Protection Agency

ESLI end-of-service life indicator

EU European Union

FAQs frequently asked questions

FMSH Federal Mine Safety and Health

FY fiscal year
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Abbreviations

GIS geographical information systems

HELD Health Effects Laboratory Division

HEPA high-efficiency particulate air

HPS Health Physics Society

HPV high production volume

HVAC heating, ventilation, and air conditioning

IANH International Alliance for NanoEHS Harmonization
ICON International Council on Nanotechnology

ID identification

IEC International Electrotechnical Commission

IOM Institute of Occupational Medicine

ILO International Labor Organization

INRS Institut National de la Recherche Scientifique

ISO International Organization for Standardization

ISPE International Society for Pharmaceutical Engineering
IRSST Institut de recherché Robert-Sauve en santé et en sécurité du travail

MINChar Minimum Information Needed for Characterization of Nanomaterials
MSDS material safety data sheet

MSHA U.S. Mine Safety and Health Adminstration

MWCNT multi-walled carbon nanotubes

NASA National Aeronautics and Space Administration

NCER National Center for Environmental Research

NEHI Nanotechnology Environmental and Health Implications
NGO non-governmental organization

NIEHS National Institute of Environmental Health Sciences

NIL Nanoparticle Information Library

NIOSH National Institute for Occupational Safety and Health
NIST National Institute of Standards and Technology
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nm

NNI
NORA
NSET
NSF
NTRC
NSC

OEP
OECD
OELs

OEP

OSH
OSHA
PCAST
POSS

PPE
PPNANSG
PPNANIG

PPNANAOG

QRA
r2p
REL
RFA

ROS
SWCNT
TC
TEM

Abbreviations

nanometer(s)

National Nanotechnology Initiative

National Occupational Research Agenda

Nanoscale Science, Engineering, and Technology
National Science Foundation

Nanotechnology Research Center

National Safety Council

Office of Extramural Programs

Organization for Economic Cooperation and Development
occupational exposure limits

Office of Extramural Programs

occupational safety and health

U.S. Occupational Safety and Health Administration
Presidents Council of Advisors on Science and Technology
polyhedral oligomeric silsesquioxanes

personal protective equipment

Project Planning Nanotechnology Strategic Goal
Project Planning Nanotechnology Interim Goal

Project Planning Nanotechnology Activity/Output Goal
quantitative risk assessment

Research to Practice

recommended exposure limit

request for application

reference material

reactive oxygen species

single-walled carbon nanotubes

technical committee

transmission electron microscopy
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Abbreviations

TiO,
TNO
TWA
pg/m’
UN
VGCF
WHO
WPMN

WPN

titanium dioxide

Netherlands Organisation for Applied Scientific Research
time weighted average

microgram per cubic meter

United Nations

vapor grown carbon fibers

World Health Organization

Working Party on Manufactured Nanomaterials

Working Party on Nanotechnology
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1 Introduction

1.1 Background

Nanotechnology is a system of innovative
methods to control and manipulate matter
at near-atomic scale to produce new ma-
terials, structures, and devices. Nanopar-
ticles are a specific class or subset of these
new materials, having at least one dimen-
sion that is less than 100 nanometers. They
exhibit unique properties because of their
nanoscale dimensions. Nanotechnology of-
fers the potential for tremendous improve-
ment and advances in many areas that may
benefit society, such as integrated sensors,

semiconductors, medical imaging, drug
delivery systems, structural materials, sun-
screens, cosmetics, coatings, and many oth-
er uses. Nanotechnology is one of the most
rapidly growing industries across the world.
By 2015, the global market for nanotechnol-
ogy-related products is predicted to reach $1
trillion and employ 1 million workers in the
United States alone [Lux 2007]. There are
currently over 1,000 commercial products
on the market (Figure 1).The properties of
nanoparticles (e.g., size, surface area, reac-
tivity) that yield many of the far reaching

Figure 1. Total nanomaterial containing products in the Wilson Center Consumer Product
Inventory (used with permission from Project on Emerging Nanotechnologies Woodrow
Wilson International Center for Scholars)
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societal benefits may also pose risks. Cur-
rently, increasing numbers of workers are
potentially exposed to nanomaterials in
research laboratories, start-up companies,
production facilities, and in operations
where nanomaterials are processed, used,
disposed or recycled. The challenges are to
determine whether the nature of intention-
ally produced (engineered) nanostructured
materials and devices presents new occupa-
tional safety and health risks. At the same
time, there is a need to address how the
benefits of nanotechnology can be realized
while proactively minimizing the risk.

Efforts across multiple federal agencies are
fostering the development and use of nano-
technology. In 2001, the President’s Council of
Advisors on Science and Technology collabo-
rated with the interagency National Science
and Technology Council to create the Nation-
al Nanotechnology Initiative [NNI 2001]. This
initiative supports basic and applied research
and development in nanotechnology to create
new nanomaterials and to disseminate new
technical capabilities to industry. The purpose

A nanotechnology researcher creating a slurry
of carbon nanotubes. (Image courtesy of Mark
Methner, NIOSH)

o

of the NNI is to facilitate scientific break-
throughs and maintain U.S. competitiveness
in nanoscience. A stated goal of this interagen-
Cy program is to ensure that nanotechnology
research leads to the responsible development
of beneficial applications by giving high pri-
ority to research on societal implications, hu-
man health, and environmental issues related
to nanotechnology.

The National Institute for Occupational
Safety and Health (NIOSH) is the Federal
agency responsible for conducting research
and making recommendations to prevent
work-related injury, illness, and death.
NIOSH is a member of the Nanoscale Sci-
ence, Engineering and Technology (NSET)
Subcommittee of the National Science and
Technology Council. As such, NIOSH is
active in (1) identifying critical issues re-
lated to possible hazards of nanomaterials,
(2) protecting worker safety and health in
this emerging technology, and (3) develop-
ing a strategic plan to address such issues
and recommend prevention strategies for
the safe handling and use of nanomaterials.

An electron micrograph of the personal breathing
zone sample collected from the researcher
spraying the carbon nanotube slurry
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Because of their small size and large surface
area, engineered nanoparticles have chemi-
cal, physical, and biological properties dis-
tinctly different than fine particles of similar
chemical composition. Such properties may
include a high rate of pulmonary deposition,
the ability to travel from the lung to systemic
sites, the ability to penetrate dermal barriers,
and a high inflammatory potency per mass.
At a time when materials and commercial
applications are being conceived, NIOSH is
positioned well to proactively identify, as-
sess, and resolve potential safety and health
issues posed by nanotechnology. NIOSH
has 38 years of experience in conducting
research and formulating recommenda-
tions for occupational safety and health.
During this period, NIOSH has developed
considerable expertise in measuring, char-
acterizing, and evaluating new processes
and new materials by conducting quanti-
tative exposure assessments and evaluating
health effects. NIOSH also has expertise in
developing control systems and prevention
strategies for incidental nanoparticles (e.g.,
diesel exhaust, welding fume, smelter fume,
and fire smoke particles). NIOSH will reap-
ply this experience to address similar issues
for engineered nanoparticles.

In 2004, NIOSH created the Nanotechnol-
ogy Research Center (NTRC) to identify
critical issues, create a strategic plan for
investigating these issues, coordinate the
NIOSH research effort, develop research
partnerships, and disseminate information
gained. The NTRC is comprised of nano-
technology-related activities and projects
consisting of and supported by more than
30 scientists from various NIOSH divi-
sions and laboratories. Through the NTRC,
NIOSH has identified 10 critical research
areas for nanotechnology research and
communication. These 10 critical research
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areas are: (1) toxicity and internal dose,
(2) measurement methods, (3) exposure
assessment, (4) epidemiology and surveil-
lance, (5) risk assessment, (6) engineering
controls and personal protective equipment
(PPE), (7) fire and explosion safety, (8) rec-
ommendations and guidance, (9) commu-
nication and information, and (10) applica-
tions. By working in these critical research
areas, NIOSH has comprehensively begun
to address the information and knowledge
gaps necessary to protect workers and re-
sponsibly move nanotechnology forward
so that its far-reaching benefits may be real-
ized. A summary of research projects may
be found in Appendix A.

Congruent with the efforts of the NTRC
are the efforts of the NIOSH Office of Ex-
tramural Programs (OEP). OEP uses several
mechanisms (R01, R21, R43/44) for funding
research’. OEP funding of nanotechnology-
related research has been undertaken to help
increase the knowledge of nanotechnology
and engineered nanomaterials as they relate
to occupational safety and health. Research
areas supported by NIOSH OEP include
emission and exposure assessment methods
for nanoparticles in the workplace, toxicol-
ogy of engineered nanomaterials, and the
use of nanotechnology for improved work-
place monitoring.

NIOSH is working strategically to address the
10 critical research areas through active intra-
mural and extramural research programs and
collaborations. NIOSH is committed to con-
ducting and supporting studies that will im-
prove scientists’ abilities to identify potential
occupational health effects of nanomaterials.
NIOSH will facilitate the translation of those
findings into effective workplace practices.

*NIOSH Office of Extramural Programs: http://www.cdc.
gov/oep
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Figure 2. Schematic of the overall NIOSH logic model

1.2 NIOSH Logic Model

Like other scientific organizations, NIOSH
can be described by a model of the way it
functions to solve identified problems un-
der various conditions. The overall NIOSH
logic model is presented in Figure 2. It has a
conventional horseshoe shape with the op-
erational upper branch proceeding from in-
puts to outcomes and with the strategic low-
er branch proceeding from strategic goals to
management objectives. Both branches are
correlated vertically and are subject to ex-
ternal factors.

The NIOSH research program begins with
an analysis of production and planning in-
puts and follows the NIOSH operational
model (Figure 3). This analysis determines
what can and should be done and thereby
identifies research priorities. Intramural
and extramural researchers present their
project proposals which receive appropriate
internal and external review and are fund-
ed based on proposal merits. Research ac-
tivities produce outputs such as published

materials, oral presentations, training and
educational materials, tools, methods, and
technologies. NIOSH research outputs are
transferred directly to the final customers
and partners (who implement improve-
ments in workplace safety and health) or
to intermediate customers (who transform
further NIOSH outputs and produce in-
termediate outcomes). These intermediate
outcomes such as pilot technologies, train-
ing programs, and regulations and stan-
dards are forwarded to the final customers.
Since NIOSH is not a regulatory agency,
it relies heavily on efforts by intermedi-
ate and final customers to achieve ultimate
outcomes in the form of workplace safety
and health improvements. Effectiveness in
achieving these ultimate outcomes is in-
fluenced at all stages of program operation
by both external factors (such as economic
and social conditions) and the regulatory
environment. Results of NIOSH-funded re-
search and customer feedback (intermedi-
ate and final) contribute to the subsequent
rounds of program planning.
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